The substrate specificity of the DNA-binding mechanism(s) of bacteria in a Florida reservoir was investigated in short-and long-term uptake studies with radiolabeled DNA and unlabeled competitors. Thymine oligonucleotides ranging in size from 2 base pairs to 19 to 24 base pairs inhibited DNA binding in 20-min incubations by 43 to 77%. Deoxynucleoside monophosphates, thymidine, and thymine had little effect on short-term DNA binding, although several of these compounds inhibited the uptake of the radiolabel from DNA in 4-h incubations. High-molecular-weight dissolved organic compounds are abundant in freshwater and marine ecosystems (2, 14, 15) . These materials can be in the form of combined amino acids (1), polysaccharides (4), or nucleic acids (5, 15) or in the form of more refractory materials such as lignins (7), humic acids, and phenols (3, 6).
High-molecular-weight dissolved organic compounds are abundant in freshwater and marine ecosystems (2, 14, 15) . These materials can be in the form of combined amino acids (1), polysaccharides (4), or nucleic acids (5, 15) or in the form of more refractory materials such as lignins (7) , humic acids, and phenols (3, 6) .
Although biologically labile, dissolved macromolecules such as DNA and protein are known to be utilized by populations of aquatic bacteria, mechanisms of uptake for the most part are not understood. Hollibaugh and Azam (8) found that amino acids derived from proteins were taken up by marine bacteria by mechanisms distinct from those for free amino acids. The lack of extracellular proteolytic activity indicated that hydrolysis occurred at the cell surface.
DNA-binding and -uptake mechanisms have been most widely studied in naturally transformable bacteria (19) . In gram-positive microorganisms such as Bacillus subtilis and Streptococcus pneumoniae, double-stranded DNA is bound, regardless of source, whereas RNA, DNA:RNA hybrids, and single-stranded DNA are not bound (20) . For strains of S. pneumoniae and Streptococcus sanguis, DNA-binding proteins have been described and may have endonuclease activity (20) . Divalent cations have been shown to be required for DNA binding in these organisms.
DNA binding in gram-negative bacteria such as Haemophilus spp. is specific for particular DNA sequences. There is no requirement for divalent cations, and DNA enters the cell in a double-stranded form (16) . Specialized membrane residues termed transformasomes (9) , which facilitate DNA transport into the cell, have been described in Haemophilus spp.
The presence of cell-associated and extracellular DNases in marine waters (10) (11) (12) 18) might suggest that the primary mechanism of DNA utilization is hydrolysis, followed by uptake of nucleosides. Previous research on the utilization of DNA by estuarine bacteria indicated that rapid binding of * Corresponding author.
DNA was at sites other than those specific for nucleoside and nucleotide binding (17) . This was followed by hydrolysis of bound DNA and uptake of nucleic acid moieties by nucleoside-/nucleotide-specific binding sites (17) .
The purpose of the present study was to determine the specificity of DNA-binding sites in natural populations of freshwater bacteria. Our results indicate the presence of nucleic acid-specific receptors in these populations which are different from nucleotide-/nucleoside-binding sites and inorganic phosphate-transport sites. MATERIALS mM NaCl-1 mM EDTA, pH 7.2, containing 10 ,ug of DNA per ml (DNA wash) and counted for radioactivity by liquid scintillation counting. The filtrates were added to glass test tubes containing 0.5 ml of 100% trichloroacetic acid (TCA), chilled for at least 30 min, and filtered onto 0.2-p.m Nuclepore filters. The filters were washed with 5.0 ml of 5% TCA and then counted for radioactivity by liquid scintillation counting. A 1-ml portion of this filtrate was also counted for radioactivity by liquid scintillation counting. Samples were taken at 0, 0.5, 1, 2, and 4 h.
Competition for DNA binding by unlabeled compounds. A 20-or 30-ml sample of water was added to an acid-cleaned, sterile polymethylpentene flask, and the unlabeled competitor ( oligonucleotides, RNA, and DNA) become hydrolyzed during the incubation period (17) . Thus, accumulation of radioactivity might result from uptake of DNA hydrolysis products (nucleosides, etc.) rather than DNA itself. Several transport processes might be involved, and effects of competitors may be less easily interpreted. long-term (4-h) inhibition of DNA uptake by nucleosides might not be expected to occur. Stable extracellular DNase activity has been found in marine waters (10, 12, 18) . High levels of magnesium ions, as found in seawater, also favor DNase activity, since Mg2+ is a cofactor for DNase.
It may be argued that results obtained with the dNMPs are not strictly comparable to those obtained with the oligonucleotides, since the former were added at a concentration of 5 ,uM and the latter were added at concentrations of 1 to 1.5 ,ug/ml. A 5 ,uM concentration of the dNMPs is approximately 1.4 to 1.8 pug/ml by weight. For oligonucleotides, keeping a constant molarity would have been difficult for the large oligonucleotides and impossible for RNA or calf thymus DNA. Thus, for convenience, these were added at 1 or 1.5 ,ug/ml. For dT2, this corresponds to 1.5 ,uM, but for dT19 24, it corresponds to 0.13 ixM. Since the latter strongly inhibited DNA binding in spite of the lower concentration, we feel that our approach was justified. These competitors were added in excess of radiolabeled DNA by factors of 66-to 150-fold (wtlwt).
Our results indicate a requirement for a phosphodiester bond for recognition by the DNA-binding site. Apparently one phosphodiester bond (as in the dinucleotide form of oligothymidylic acid) was sufficient to inhibit short-term DNA binding significantly. Phosphomonoester bonds had little effect on rapid DNA binding. The short-term binding site apparently possesses a broad enough specificity for RNA, DNA, and single-stranded DNA (as in oligonucleotides). The site is also apparently different from the inorganic phosphate-transport site. Additionally, our results indicate that DNA was not used as a phosphate source by bacteria in this reservoir. This does not preclude the use of DNA as a phosphorous source in other environments (particularly lowphosphate or phosphate-limited environments).
These studies imply the evolution of specific nucleic acid-binding mechanisms in aquatic bacteria. These have most likely evolved for the utilization of extracellular DNA, which we have found in abundant quantities in aquatic environments (5) .
